Objective: This study aimed to investigate 25(OH) vitamin D levels in children with sleep terror compared to those in normal controls.
INTRODUCTION
Sleep terror is one of the most frequent causes of pediatric parasomnias. It is characterized by screaming, intense fear, and crying during sleep (1) . There may also be signs and symptoms due to excessive stimulation of the autonomic system, such as sweating, chills, skin redness, pupillary dilation, and tachycardia. The prevalence of sleep terror between 4-and 12-year-olds is 1%-6.5% (2) . Attacks generally occur in the first one-third of nocturnal sleep. Parental efforts to calm the child generally give no response. Diagnosis can be based on American Academy of Sleep Medicine criteria (2) . Many factors related to central nervous system maturation are implicated in the development of sleep terror (3) . The condition has been reported in adolescent patients with migraine associated with serotonergic system dysfunction. In addition, serotonin precursors and selective serotonin reuptake inhibitors are considered to reduce the incidence of sleep terror (1) . The facilitating factors may be genetic, but they may also involve physical stresses such as fever, asthma, gastroesophageal reflux, insufficient and inappropriate sleep, bladder pressure during sleep, the presence of obstructive sleep disorders, occasional limb movements, and medications (3) . In addition, a relation has been reported between sleep terror and sleepwalking in the relatives of patients with nocturnal frontal lobe epilepsy (4) .
Previous studies have linked vitamin D deficiency to neurological disorders such as autism, epilepsy, multiple sclerosis, depression, schizophrenia, and Alzheimer's disease (5) (6) (7) (8) . Additionally, low vitamin D levels have been described as one of the risk factors for unhealthy sleep, with a notable inverse correlation being observed between short duration and vitamin D status. Although the mechanism involved in the relation between vitamin D deficiency and sleep disorders is not yet fully understood, several possibilities have been suggested (9) . Vitamin D receptors exist in many regions of the brain, including the prefrontal cortex, cingulated gyrus, thalamus, substantia nigra, hippocampus, and the hypothalamus that regulates sleep-wakefulness. Vitamin D deficiency is therefore considered to regulate the development of wakefulness symptoms widely associated with sleep disorders. In addition, there is a known relation between bone demineralization and vitamin D deficiency, and non-specific chronic pain resulting in poor sleep quality occurs in subjects with vitamin D deficiency (9) . However, studies are needed to elucidate the complex link between low vitamin D levels, normal sleep, and sleep disorders. Moreover, the effects of 25(OH) vitamin D levels on children with sleep terror are unknown. This study therefore aimed to determine vitamin D levels in children with sleep terror, and to perform a comparison of vitamin D levels between children with sleep terror and normal controls.
MATERIALS and METHODS

Study Design, Setting, and Participants
This research was designed as an analytical cross-sectional study with a control group and included children diagnosed with sleep terror at the Pediatric Emergency, Pediatric Neurology and Child and Adolescent Psychiatry Department. We recruited 162 children (81 children with sleep terror and 81 normal children) by convenience sampling between March 2016 and July 2018. Subjects with sleep terror were diagnosed based on the American Academy of Sleep Medicine's (AASM) 2014 International Classification of Sleep Disorders (third edition) diagnostic criteria for sleep terrors (2) . Inclusion criteria were (i) absence of epileptic disease, (ii) no receipt of treatment or surgical procedure for any sleep disorder, (iii) absence of severe mental or physical disorder (such as cerebral palsy), and (iv) receipt of informed consent forms from the parents or legal guardians of all subjects. Children with abnormal neurological or physical examination, who had received steroid therapy (oral, topical, or intralesional), multivitamin supplements, immunosuppressants, or vitamin D supplements, with any acute or chronic disorder (autoimmune illness, or endocrine, renal, hepatic, gastrointestinal, and metabolic diseases), who had been hospitalized for infection in the previous month, with a disorder causing malabsorption, with a family history of osteoporosis, immobile children, and children using medications affecting bone metabolism were excluded from the study. The control group consisted of healthy children. All patients and controls were living in the same region. The city where the study was conducted lies at low altitude. Time of presentation was recorded in terms of seasons. Spring in Turkey lasts between March and May, summer between June and August, fall between September and November, and winter between December and February. We enrolled patients with similar socioeconomic levels and nutritional habits. More than five attacks per month were defined as frequent attacks.
We obtained plasma by centrifuging the collection tubes according to the manufacturer's specifications. These were then aliquoted and stored at -80°C. We determined serum calcium, phosphorus, alkaline phosphatase, serum parathyroid hormone (PTH), and 25(OH) vitamin D levels with chemiluminescence immunoassay with the Cobas 8000 modular analyzer series (Roche, Germany). The 25(OH) vitamin D levels of 20 ng/mL or less were interpreted as representing "deficiency", values between 21 and 29 ng/mL as constituting "insufficiency", and values of 30 ng/mL and above as constituting "sufficiency" (10) . The PTH values were measured in all patients with low 25(OH) vitamin D levels. The PTH levels ≥65.0 ng/L were suggestive of hyperparathyroidism. Digital electroencephalograms (EEG) with 21 standard electrodes were used, and additional electrodes were employed to facilitate electrocardiogram detection. Total recording time included 3 min hyperventilation and photic stimulation from 5 to 20 Hz at the end of the recording. A certified pediatric neurologist blinded to the patient's demographic and clinical data reviewed all EEG recordings.
Statistical Analysis
Continuous variables were expressed as mean±standard deviation or median (interquartile range) values, and categorical vari-ables as number and percentage values. Compatibility with normal distribution was confirmed using the Kolmogorov-Smirnov test. Unpaired Student t test was used to compare normally distributed variables, while the Mann-Whitney U test was used to compare non-normally distributed data. One-way ANOVA was used to compare more than two groups with normal distribution. Fisher's exact test was used for categorical variables. The results were expressed as mean±standard deviation or percentages. p values <0.05 were considered statistically significant. The SPSS version 22.0 (SPSS Inc., Chicago, IL., USA) software was used for statistical analysis.
At the end of the study, mean vitamin D levels and standard deviation, together with effect size, were calculated for the two independent groups. Post-hoc power was determined at 97.2% with α=0.05 and effect size values of 0.61 for groups containing 81 participants. Power analysis was performed on G*Power version 3.1.9.2 statistical software.
RESULTS
We initially enrolled 89 patients. Four patients were subsequently excluded due to epilepsy (two with frontal lobe epilepsy, one with rolandic epilepsy, and one with occipital lobe epilepsy), two due to comorbid epilepsy (rolandic epilepsy and frontal lobe epilepsy) and sleep terror, one due to asthma, and one due to gastroesophageal reflux (GER). Finally, 81 patients (47 boys, 34 girls) were included in this study (Fig. 1) . the median age was 10 years [IQR (interquartile range); 7-13 years] in the patient group and 11 years (IQR; 9-14 years) in the control group. The mean body mass index was 20.9±1.9 (18.7-24.1) in the patient group and 21.3±1.7 (18.6-24.3) in the control group (p=0.31). The mean serum 25(OH) vitamin D concentration in children with sleep terror was 23.29±10.39 ng/ml, significantly higher than in the control group, at 29.07±8.32 ng/ml (p=0.021) ( Table 1 ). The mean serum 25(OH) vitamin D concentrations were 28.68±8.62 ng/ml in boys with sleep terror and 22.71±10.37 ng/ml in girls with sleep terror. The difference in 25(OH) vitamin D levels between boys and girls with sleep terror was statistically significant (p<0.001) ( (Table 3) . Fifty-two (64.1%) patients with sleep terror had vitamin D deficiency or insufficiency, of whom 17.3% (9/52) also had elevated PTH levels. Thirty-two (39.5%) members of the control group had vitamin D deficiency or insufficiency, of whom 9.3% (3/32) also had increased PTH levels. A comparison between the patient and control groups with vitamin D deficiency or insufficiency revealed no statistically significant difference in PTH levels (p>0.05) ( Table 4 ).
Patients with more than five attacks per month had statistically significant lower 25(OH) vitamin D levels than those with fewer than five attacks (p<0.001) ( 
DISCUSSION
In our study, levels of 25(OH) vitamin D were lower in patients with sleep terror compared to those in the healthy controls. Previous studies of sleep disorders have revealed a higher incidence of reduced 25(OH) vitamin D levels among individuals with a short sleep duration, or with poor sleep quality and efficiency (11) . In patients with sleep disorders, inverse correlation has been reported between vitamin D levels and sleep scale [ESS (Epworth Sleepiness Scale)] scores (5) . The ESS scores were significantly higher in the vitamin D deficiency subgroup. Similarly, in another study, as vitamin D levels decreased, severity of symptoms in 120 children with obstructive sleep apnea (OSA) worsened compared to that in normal children (12) . Moreover, lower 25(OH) vitamin D levels were determined in non-obese children with OSA compared to the non-obese control group (13) . In our study, since there were insufficient numbers of overweight and obese children in the patient group, we had no means of establishing a link between 25(OH) vitamin D levels and obesity. Manios et al. (14) reported that vitamin D deficiency in healthy children was more common in winter and spring. However, that study revealed no significant seasonal difference in the prevalence of vitamin D deficiency between obese and non-obese children (14) . Another study reported no seasonal difference between vitamin D levels in obese and non-obese children with OSA (13) . Our study results were in accordance with that study. Sex appears to be another factor that affects vitamin D status. However, while some studies have reported lower vitamin D levels in men, others have determined lower levels in women (10, 15, 16) . Our female patients with sleep terror had lower vitamin D levels than male patients. A total of 49 (60.5%) children in the control group had sufficient vitamin D vitamin levels, while 52 (64.1%) of the children with sleep terror had vitamin D deficiency or insufficiency. Our scan of the previous literature revealed no previous studies reporting lower vitamin D levels in children with sleep terror compared to healthy children. Thus, our study of sleep terror is original from that perspective.
There has long been evidence of a genetic risk factor for sleep terror (3, 17) . A history of sleep terror in first-degree relatives was present in 22.2% of our patients, which suggests a strong relationship between the condition and genetic factors. In one case series, rhythmic theta and delta activity was not identified as a characteristic capable of differentiating nocturnal frontal lobe epilepsy from parasomnias (16) . Sleep terror is typically incorrectly interpreted as nocturnal frontal lobe epilepsy in particular at differential diagnosis. Some seizures are mistaken for non-epileptic events due to being characterized by short-lived stereotypic movement and bizarre automatism, and also due to occurring in sleep. The relationship between epilepsy and sleep terror is complex. Epileptic disease may cause parasomnia through sleep disorders (3) . Four patients with sleep terror were excluded from this study due to epilepsy. Two patients had both epilepsy and sleep terror. All patients with sleep terror should undergo EEG testing, detailed history taking and physical examination; and differential diagnosis should include epilepsy, gastroesophageal reflux, and asthma attacks.
Low vitamin D levels may cause myalgia as a result of aromataseinhibitor deficiency, immune modulation due to macrophage maturation and cytotoxic activity, cardiovascular disease due to hypertension, and sleepiness due to increase in substances such as TNF-a and IL-1 (18) . Vitamin D deficiency is more prevalent among populations with sleep-disorder-related symptoms. It may also lead or contribute to frequently observed sleep disorder symptoms such as chronic nonspecific pain, a lower subjective sleep quality, or insufficient wakefulness (5) . However, previous studies have not fully clarified the association between sleep terror and vitamin D deficiency. We detected a higher rate of vitamin D deficiency among children with sleep terror than in the controls.
The low number of patients and the fact that therapeutic doses of vitamin D were not investigated in these patients limited our study. In addition, a study with a different design, such as being randomized controlled, and with larger numbers of children might have been designed. The data for a two-year period were collected from the children in our study. However, we were only able to identify 81 children with sleep terror. Moreover, since there were no previous similar studies, we did not consider a randomized study or one revealing the effect of vitamin D in therapeutic doses on sleep terror. Another limitation is that although vitamin D deficiency is defined as <30 ng/mL by the US Endocrine Society Clinical Practice Guideline, different results might be obtained for various 25(OH) vitamin D cut-off points. Interestingly, one report involving a large series of patients concluded that maintaining 25(OH) vitamin D levels at 60-80 ng/ml led to improvement in several sleep disorders. However, no similar benefit was obtained at vitamin D levels below 50 ng/ml or above 80 ng/ml (19, 20) . The variability of the cut-off levels may have affected our results. Body mass indexes were similar between our patient and control groups, and no subjects were overweight or obese. We were therefore unable to relate obesity to sleep terror and vitamin D levels.
CONCLUSIONS
In our study population, children with sleep terror had lower vitamin D levels than the control group. This suggests that children with sleep terror should be assessed in terms of vitamin D deficiency or insufficiency. Future larger sample studies are now needed to reveal the pathogenic role of hypovitaminosis D as a potential risk factor for sleep terror. Studies investigating the effect on sleep terror of vitamin D replacement therapy are also needed.
